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Serving Institutions), primarily undergraduate institutions and other organizations focused on preK-12 STEM Education. The DRK-12 Program especially
welcomes proposals that are consistent with the goal of developing STEM talent and workforce from all sectors and groups in our society (e.g., NSF
INCLUDES). Collaborations are encouraged between DRK-12 proposals and existing NSF INCLUDES projects, provided the collaboration strengthens both
projects.

Projects in the DRK-12 program build on fundamental research in STEM education and prior research and development efforts that provide theoretical and
empirical justification for proposed projects. School leaders, teachers, and students who participate in DRK-12 studies are expected to enhance their
understanding and use of STEM content, practices, and skills. The DRK-12 program invites proposals that seek to transform the STEM education landscape of
the future by reimagining structures and systems of PreK-12 teaching, learning, and assessment, while also addressing current challenges in PreK-12 STEM
research and practice. The projects funded by the program should reflect the needs of the increasingly diverse population and national, state, or district
priorities. Projects should contribute to the research base in STEM education by studying how students and teachers learn, through well-articulated STEM
education innovations with clear theories of action. DRK-12 projects are expected to contribute to both theory and practice. Therefore, projects are expected to
result in innovations or approaches that can be shared with and feasibly implemented by other organizations as well as research shared in peer-reviewed
research and practice publications.

II. PROGRAM DESCRIPTION

As a research and development program, DRK-12 contributes to knowledge of how STEM education innovations or approaches are designed, engineered and
tested. The emphasis is on what works, for whom, and under what conditions. For DRK-12 proposals, a wide range of potential STEM education innovations or
approaches are possible. These include, but are not limited to, policies, instructional or professional development programs, teaching practices, curriculum,
formative or summative assessment systems, interventions, instructional technologies, and combinations of approaches that improve STEM learning and
learning environments for students in formal preK-12 education settings.

STEM is an acronym for science, technology, engineering, and mathematics and includes computer science. The term is used as shorthand for referring to
these domains. The program is receptive to proposals that seek to integrate computing and computational thinking within one or more of the other STEM
disciplines as a way to improve teaching and learning in formal education settings. The program welcomes investigators who consider situating their work in the
context of a more comprehensive interdisciplinary approach by integrating computing and computational thinking across an entire STEM curriculum to prepare
students from early childhood through high school. Proposals are not required to address all STEM domains. However, proposals that have an interdisciplinary
focus on two or more of these domains are welcomed.

The DRK-12 program is interested in projects that seek to transform formal education practices and structures through the use of innovative approaches,
materials, technologies, and practices. These projects may have a focus on productively disrupting current STEM educational practices by strengthening
teaching practices, assessment strategies, and student learning outcomes. In addition, the DRK-12 program contributes to the generation of new knowledge
about the nature of STEM learning and learning environments. Research and development plans are integral to every project description. Successful projects
will build on, iterate, or apply in novel contexts new innovations or those adapted from prior research and development and study their effects on students,
teachers, and educational systems using contemporary and rigorous research designs and analytic techniques.

The DRK-12 program is primarily concerned with the goals and effectiveness of formal education but recognizes that learning is not limited to formal school
environments. PreK-12 schools also serve many populations and have varying schedules. The program encourages proposers to draw from knowledge and
practice of learning in out-of-school and informal settings to enhance learning and teaching in formal settings. Also, the DRK-12 program includes education in
prekindergarten (PreK) through the end of high school, but the connection to college and career-readiness standards ties the work of many projects to post-
secondary or adult basic education.

Within the broad DRK-12 mission, there are a number of high priority areas for focused work. Driven by the pressing needs to improve preK-12 STEM teaching
and learning for all U.S. students, the program is particularly interested in projects that focus on populations that are underperforming or underserved by current
practice. The program is also particularly interested in supporting research and development to promote high quality and innovative STEM education in the early
grades. This could include the development of tools and models to support underrepresented students, including girls, in prekindergarten through elementary
school in STEM disciplines, particularly computer science. Of particular interest in the area of mathematics education is a focus on improving the teaching,
learning, and assessment of statistics and data science, an area of growing need in the future U.S. workforce. Of particular interest in the area of computer
science is the integration of computational thinking from the early grades through high school. The program encourages proposals that support computational
thinking in ways that reflect real-world, interdisciplinary thinking in computational and data-enabled science and engineering. The program also encourages
proposals in the areas of quantum information science and quantum mechanics, in the context of preK through grade 12 formal education.

The DRK-12 program seeks to maintain a balanced portfolio by supporting projects ranging from those with immediate applicability to those that anticipate and
provide the foundation for preK-12 STEM education as it could be in future decades. The DRK-12 program is interested in ideas, concepts, theories, practices,
and research and development that can challenge existing assumptions and offer promising new approaches to STEM learning, teaching, and assessment.
Such proposals could, for example, adapt research-based effective STEM teaching practices in ways that explicitly support the broader and increasingly diverse
set of learners who comprise the nation’s student population. Proposals that address immediate and pressing challenges typically develop and study STEM
education innovations or approaches that could be implemented and used by educators in the relatively near term, albeit in innovative ways. Replication and
reproducibility studies related to this range of innovations or approaches are welcomed within the DRK-12 mission.

Each DRK-12 proposal should select a strand that describes the primary focus of the research and development and a project type that describes the type of
research study appropriate for the goals and objectives of the project. The DRK-12 program has three research and development strands: (1) Assessment; (2)
Learning; and (3) Teaching. For each project, the strand selected should be aligned with the focus of the research and development proposed. The DRK-12
program recognizes that there is some overlap and interdependence among the strands in project activities, but each proposal should have a clear,
foregrounded focus on one strand. Collectively, the three strands intend to support the development of a new generation of STEM education innovations or
approaches. These innovations or approaches take full advantage of the rich research base on STEM learning, the capabilities of modern technologies to
enhance the education of PreK-12 learners and teachers, and emerging scientific and mathematical discoveries.

The program supports six project types: (1) Exploratory, (2) Design and Development, (3) Impact, (4) Implementation and Improvement, (5) Syntheses, and (6)
Conferences. The project types describe the nature of the research and development to be completed in support of innovation in the strand defined by the
project. The level of funding requested should be appropriate to the work described. Information on current DRK-12 projects can be found at www.cadrek12.org
and at NSF Award Search (https://nsf.gov/awardsearch/).

DRK-12 Program Strands


https://www.nsf.gov/cgi-bin/goodbye?www.cadrek12.org
https://nsf.gov/awardsearch/

There are three strands that guide the focus of DRK-12 projects: (1) Assessment; (2) Learning; and (3) Teaching. All DRK-12 proposals should be well grounded
in the findings of STEM education research and be supported by a well-articulated framework that is based on a specific theory of assessment, learning or
teaching. Proposals must be guided by specific research question(s) or hypotheses, use appropriate and rigorous research and development designs, include a
data collection plan with appropriate descriptions of instruments and measures to be used, include a detailed description of the sample of participants involved in
the project, and fully describe the data analytic methods.

(1) Assessment Strand

Innovation in STEM education cannot occur without a rich and growing knowledge base. Research and development in assessment plays a critical and dynamic
role in growing this knowledge base because such research and development efforts provide important evidence about changes in teaching and learning. For
assessment to be a driving knowledge engine that moves STEM education forward it must be integrated with systems of learning and teaching, with specific
attention paid to the needs of practitioner communities and how assessments would be used in formal education settings.

The DRK-12 program seeks proposals that address the development of innovations or new approaches with respect to (1) assessment of STEM learning that
generates evidence of participants’ knowledge or understanding or (2) assessment for STEM learning that is an integrated part of the ongoing learning process.
Proposals in this strand must integrate development with the investigation of validity through field-testing new forms of assessment, including technology-
enhanced assessments, which have promise for use in classrooms. This promise should be investigated with attention to coherent systems of teaching and
learning that account for the intended users of the assessment and the assessment-related needs of states, districts, schools, teachers, and students.

Acknowledging the broad range of definitions of validity, quality proposals must thoughtfully describe and justify how the project will allow for valid and reliable
inferences regarding the constructs being a d. STEM ment innovations or approaches must be fair and equitable, as well as culturally and
linguistically sensitive in addressing the needs of the learners under study.

Quality proposals in the Assessment Strand should carefully specify the STEM constructs being assessed, those being assessed (students, teachers, etc.), and
which stakeholders the assessment results can validly inform (e.g., districts, parents, policy makers, schools, students, or teachers). The manner and process of
assessing should be appropriately designed and justified. Proposals should address the potential benefits and weaknesses of the chosen strategy or strategies,
including a careful articulation in the context of the system of learning, instruction and assessment under study. When multiple strategies are suggested,
demonstration of their additional value should be provided. The proposals must describe specifically the intended use of the measure(s) to be developed and the
claims that can be made by using the measure(s). As such, the intended users of the instruments should be explicitly considered and incorporated into the
research plan activities.

Proposals to this strand should explicitly recognize and address the role the proposed research and development effort plays in furthering an aligned system of
assessment, learning and teaching. Proposals in the Assessment Strand may focus on one grade level or across levels. STEM content and practice foci may be
within a discipline or across disciplines. Assessments may be of individuals or groups. Assessment research and development efforts in the attitudinal and
affective domains should align with a chosen disciplinary domain.

The DRK-12 program encourages proposals that address STEM assessment questions facing the field including, but not limited to, the following:

a. How does assessment information move across levels of the educational system and with what degree of validity?

b. How are assessment frameworks related to theories of learning, and in what ways do the resulting assessment innovations or approaches inform and
advance the field conceptually?

c. How do users of STEM assessments (e.g., students, teachers, administrators, districts, parents) interact with, perceive, respond to, and make sense of
the assessment information?

d. How are disciplinary learning progressions and trajectories informing and being informed by and through assessment?

e. What are effective ways to build capacity in the field for the design, development, implementation, interpretation, and use of assessment in STEM

learning settings?

What roles and opportunities do emergent technologies have related to assessment?

=

(2) Learning Strand

Well-designed STEM education innovations or approaches that enhance student learning of STEM are crucial to excellent preK-12 STEM education. Well-
grounded STEM education innovations or approaches are needed for effective implementation of college- and career-readiness standards that provide all
students with opportunities to learn recommended concepts and practices. Effective STEM education approaches should prepare students for a wide range of
future workforce opportunities, including but not limited to STEM careers and STEM career pathways. At the same time, new and exciting discoveries are being
made in the STEM disciplines and large amounts of scientific data are increasingly available for use by the public and learners of all ages. The DRK-12 program
is interested in STEM education innovations or approaches that assist preK-12 students in accessing and understanding new data sources and discoveries
while leveraging their potential to support learning of important STEM content in the classroom.

The DRK-12 program seeks proposals that consider the ways in which STEM innovations or approaches that enhance student learning could be designed and
implemented in a range of learning environments. The DRK-12 program encourages proposals that research and develop STEM education innovations or
approaches to student learning that can be implemented in current classrooms, schools, and other learning environments for preK-12 students. Proposals
submitted to the Learning Strand should describe how the proposed STEM education innovation or approach aligns with current curricular frameworks and
demonstrate how it would be an improvement relative to current practice. In doing so, proposals should provide a compelling argument for why the innovation or
approach would lead to improved student learning outcomes.

The DRK-12 program encourages proposals that address important questions facing the learning of STEM including, but not limited to, the following:

a. How does the innovation or approach challenge and improve upon current practices and standards?

b. How does the innovation or approach focus on emerging STEM concepts and practices that reimagine or transform existing school curricula?

c. How does the innovation or approach make use of data and practices from STEM fields to transform existing school curricula?

d. How is the innovation or approach likely to be transformative for STEM teaching and learning?

e. How does the innovation or approach increase broader participation in STEM by targeting underserved or disadvantaged groups of learners, such as
English language learners, underrepresented minorities, or students with disabilities?

(3) Teaching Strand
The DRK-12 program recognizes that effective STEM learning is built on a well-prepared and knowledgeable STEM teacher workforce, and that STEM teacher

development is a part of STEM workforce development. The availability of high-quality resources to address challenges faced by STEM teachers is critically
important. Teachers need support to learn about new discoveries in the STEM disciplines and how to integrate contemporary and dynamic content from STEM



fields into classroom practice. Teachers need to be supported in implementing innovative and evidence-based pedagogical techniques to enhance student
learning of STEM content and practices. Technology offers opportunities for innovations in classroom content, collection of classroom data to enhance teaching,
increasing accessibility for diverse learners, and collaboration around teaching practices with other professionals. Because the student population is becoming
increasingly diverse, pre- and in-service teachers need support to teach in ways that make learning accessible and available to all students.

The DRK-12 program seeks proposals to research and develop STEM education innovations or approaches to teacher pre- and in-service education. These
innovations or approaches should support career-long learning by preK-12 teachers with the potential for effective implementation, successful diffusion, and
future scaling. Proposals submitted to the Teaching Strand should describe how the proposed STEM education innovation or approach aligns with current
frameworks and demonstrate how it would be an improvement relative to current practice. In doing so, proposals should provide a compelling argument for why
the innovation or approach would lead to improved teaching outcomes and practice.

The DRK-12 program encourages proposals that address important questions facing STEM teaching including, but not limited to, the following:

a. How does the innovation or approach improve instructional practices and increase students’ learning and outcomes?

b. How does the innovation or approach recruit, certify, induct, and/or prepare STEM teachers better than existing practice?

c. How do pre- or in-service teachers develop STEM content knowledge and pedagogical content knowledge in ways that improve their instructional
practice?

d. How does the innovation or approach develop teaching expertise and instructional leadership across schools, districts, and the broader national
teacher community?

e. How can we assist teachers in making data-driven instructional decisions to meet the needs of all learners?

How can teachers’ capacity and willingness to customize instructional approaches be developed to meet standards and the needs of diverse student

populations?

g. What are effective methods for developing, applying, and testing effective models of professional development that improve STEM teaching and
learning?

=

DRK-12 Project Types

The DRK-12 program invites proposals for six project types: (1) Exploratory, (2) Design and Development, (3) Impact, (4) Implementation and Improvement, (5)
Syntheses, and (6) Conferences. The project type describes the type of research and development study that is going to be used to achieve the goals and
objectives of the project. The project types are aligned with the Common Guidelines for Educational Research (https://www.nsf.gov/publications/pub_summ.jsp?
ods_key=nsf13126).

(1) Exploratory Studies

Exploratory Studies provide investigators with opportunities to investigate STEM education problems that establish the basis for design and development of
STEM education innovations or approaches. Exploratory Studies allow researchers to establish initial connections to or among the outcomes of interest related
to STEM assessment, learning or teaching. Exploratory Studies must provide evidence of the factors associated with STEM education or learning outcomes to
establish the basis for design and development of STEM education innovations or approaches (including potentially moderating or mediating factors). Studies
must also provide a well-specified, empirically supported, conceptual framework or theory of action that describes the innovation or approach's assumptions,
central design features, anticipated effects that these features elicit, and explanations that relate features to effects. A theory of action may include factors
associated with STEM learning outcomes or with moderating or mediating features of the innovation or approach. The theory of action should also provide a
basis derived from empirical evidence for pursuing a Design and Development, Impact, or Implementation and Improvement Study, or the need for further
research.

DRK-12 Exploratory Study proposals are consistent with the Early Stages and Exploratory types of research and development in the Common Guidelines for
Educational Research and Development.

(2) Design and Development Studies

The goal of Design and Development Studies is to research and develop new or improved STEM education innovations or approaches to achieve specific goals
related to learning, teaching or assessment. Design and Development proposals build on evidence from prior research and development studies. The proposal
should provide a compelling rationale that: specifies the practical problem the project intends to address; justifies the importance of the problem; describes how
the proposed STEM innovation or approach differs from existing practice; and explains why the proposed project has the potential to improve learning or
education outcomes or increase efficiencies in the education system beyond current practice. The proposal should include a strong theoretical and empirical
justification for development and analysis of the proposed innovation or approach. The proposal should provide a compelling rationale for how features or
components of a new innovation or approach are expected to achieve the intended outcomes. The proposal should include a description of the initial concept for
the planned investigation, including a well-explicated theory of change or logic model. Such a model should identify the key components of the innovation or
approach (i.e., the ingredients hypothesized to be critical to achieving the intended results) and should describe their relationships.

Design and Development proposals should describe: the methods for developing the innovation or approach to the point where it can be used by the intended
end-users (e.g., iterative development process with students and/or teachers); the methods for collecting evidence on the feasibility that end users will be able to
implement the innovation or approach in an authentic education or learning setting (e.g., evidence of feasibility of implementation); and the methods for obtaining
pilot data on the promise of the innovation or approach for achieving the expected outcomes (e.g., pilot study).

The program suggests these studies may fall into two major phases of design and development (early stage and late stage). The focus of both kinds of Design
and Development studies should include explicit attention to the gathering of evidence as the innovation is designed and the refinement of the innovation over
time based on the evidence collected.

Early Stage Design and Development Studies

Early Stage Design and Development Studies seek to research and develop a proof of concept that one can create STEM education innovations or approaches
based on a well-specified theory of action. Goals of Early Stage Design and Development Studies must include providing: a prototype or early version of the
proposed STEM education innovation or approach. The prototype or early version should be accompanied by a clearly articulated theory of action that describes
the innovation or approach's assumptions, central design features, anticipated effects that these features elicit, and explanations that relate features to effects.
Anticipated effects can include specific learning outcomes, but may also include other factors that mediate aspects of learning environments such as patterns of
discourse or participation evidence related to the theory of action underlying the STEM education innovation or approach.

Late Stage Design and Development Studies

Late Stage Design and Development Studies proposals begin with STEM education innovations or approaches that have already demonstrated promise in small
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sets of classrooms, schools, or other learning settings. In these instances, there is already an existing prototype or developed version of the innovation or
approach but additional design and development efforts are needed to generate a fully-developed version. Goals of Late Stage Design and Development studies
must include providing fully-developed STEM education innovations or approaches that have evidence of feasibility and utility for practice of completed products,
ready for implementation by others who request them; and evidence of promise from field studies as indicated by estimates of effect sizes.

DRK-12 Design and Development Study proposals are consistent with the Design and Development type of research and development in the Common
Guidelines for Educational Research and Development.

(3) Impact Studies

Impact Studies expand the evidence of promise from previous studies to provide more rigorous evidence of the strength of the STEM education innovation or
approach to achieve its intended outcomes. This is accomplished through efficacy or effectiveness studies. An efficacy study examines the impact of a STEM
education innovation or approach under ideal conditions, while an effectiveness study examines that impact under normal educational contexts and settings.
Proposals for Impact Studies should provide a clear description of the STEM education innovation or approach to be tested and a compelling rationale for
examining its impact. The proposal should present a detailed theory of change and describe how the theory influences the selection of appropriate variables to
be studied and supports the presentation of a clear set of research questions to be answered. The proposal should describe and document existing evidence
that supports the promise of the innovation or approach. Such evidence should go beyond pre-post data to include evidence from experimental or modern quasi-
experimental study designs. The proposal should also describe the problem the innovation or approach is attempting to address, how the innovation or approach
is an improvement over other approaches to the problem, and why the innovation or approach is appropriate and well-suited for an efficacy or effectiveness
study. Impact proposals should include detailed descriptions of the innovation or approach to be implemented, data collection procedures, the measures to be
employed and their technical adequacy for the population in the study, the study samples involved and how recruitment will be accomplished, screening and
identification procedures if relevant, plans to account for multi-level or nested data structures in the sampling and analysis plans, and adequate justification for
the sample sizes proposed (e.g., power analysis) that match the design choices based on the theory of change. For example, an Impact study of an innovation
or approach that explicitly targets teachers or schools as the point of intervention should utilize a design that appropriately allows for inferences to be made
about the effects on those teachers or schools.

Impact studies should also appropriately justify the choice of counterfactual and the relevant features of the chosen counterfactual, as well as whether aspects of
the innovation or approach occur in the counterfactual and to what extent. Investigating similarities and differences between the two conditions is important in
the construction of an argument with respect to the effect of the innovation or approach. Potential findings of Impact Studies must include reliable estimates of
the average treatment effect of the education innovation or approach through reporting that is consistent with expectations of making causal claims. Such
estimates should include appropriate standard errors and confidence intervals.

Impact studies should be described in sufficient detail so that other researchers can replicate the research as discussed in the recently released Companion
Guidelines on Replication and Reproducibility in Education Research (https://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf19022). The sharing of data
from Impact studies should allow for others to reproduce the results when conducting the same or similar analyses, which should be addressed in the Data
Management Plan of the proposal. Impact study proposals should include plans for pre-registration in an appropriate publicly available registry.

DRK-12 Impact Study proposals are consistent with the Efficacy and Effectiveness Studies type of research and development in the Common Guidelines for
Educational Research and Development.

(4) Implementation and Improvement Studies

Implementation and Improvement Research aims to strengthen the capacity of an organization to reliably produce valued STEM education outcomes for diverse
groups of students, educated by different teachers in varied organizational contexts. The focus is more broadly on making STEM education innovations or
approaches succeed when implemented at scale. These studies have less prescriptive research designs and methods, with research occurring in rapid,
iterative, and context-expanding cycles. Implementation and Improvement Studies require deep engagement of researchers and practitioners during the
collaborative research on problems of practice that are co-defined and of value to researchers and education agencies, such as a school district or community of
schools. Implementation and Improvement Research seeks to: study implementation in the local context; employ rapid changes in implementation with short-
cycle methods; capitalize on variation in educational contexts to address the sources of variability in outcomes to understand what works, for whom, and under
what conditions; address organizational structures and processes and their relation to innovation; employ measurement of change ideas, key drivers, and
outcomes to continuously test working theories and to learn whether specific changes actually produce improvement; and reform the system in which the
approach is being implemented as opposed to overlaying a specific approach on an existing system.

Implementation and Improvement Studies must include strategies for improvement or implementation that address the shared goal of the researcher/practitioner
collaborators; conceptual frameworks that address issues of scale, human capacity, and technical support for implementation and improvement in educational
systems; measures of organizational learning that assess the progress of implementation and improvement; sustainable communities that can support
implementation and improvement in the targeted educational system; and documented practices with an ongoing forum for continued engagement of
collaborators from various levels of the educational system.

(5) Syntheses

Synthesis proposals can be funded for up to $600,000 and may be up to three years in duration. Proposals should focus on a question, issue, or topic of critical
importance to K-12 STEM education and to the DRK-12 program. DRK-12 supports capacity building through literature reviews, syntheses, qualitative
metasyntheses, and meta-analyses directly related to the goals of the DRK-12 program. Applicants should be clear about which type of Synthesis proposal they
are submitting.

Proposals should demonstrate a command of the breadth and depth of the literature on the question, issue, or topic. This background should be used to make a
case for the amount, type, and relevance of available literature in conducting the synthesis. For all review types, the literature search procedures, selection
procedures (methods, search criteria, etc...), inclusion criteria (population, treatment and comparison groups, measures, publication types, etc...) and screening
methodologies should be discussed.

For meta-analysis proposals, authors should discuss all aspects of the quantitative synthesis, including, but not limited to effect size estimation, data
transformations, meta-analytic models, moderators, and sensitivity analyses. Proposals should be sufficiently detailed and explicit with respect to methods such
that the proposal can serve as a review protocol or pre-analysis plan in addition to allowing for replication and reproducibility by others. Applicants should also
discuss how the relevant data will be stored after the conclusion of the project and what statistical analysis packages will be used.

Investigators interested in Synthesis proposals are strongly encouraged to contact a program officer prior to submission to discuss proposal idea(s).

(6) Conferences
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